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? 1978 by The Wenner-Gren Foundation for Anthropological Research 0011-3204/78/1901-0003$01.85 Natural Selection and Morphological Variability: The Case of Europe from Neolithic to Modern Times' by Maciej Henneberg, Janusz Piontek, and Jan Strzalko THE QUESTION OF THE INTRASPECIFIC differentiation of mankind may be answered in two ways. The first answer is a typological one, based on the assumption that evolutionary forces, especially natural selection, do not act upon man now that he is equipped with culture as an adaptive mechanism. Hence the human "races" developed in the Paleolithic have remained unchanged up to our time, and all the changes in the phenotypic characteristics of populations are due to gene flow and environmental factors only. The second answer takes into account all the phenomena known to population genetics, as well as knowledge of cultural evolution and the interrelations between man and the environment he creates. It is obvious that in this concept there is no room for speculation about an absence of biological evolution caused by cultural development. Man is continuously adapting to his environment, both biologically and culturally, but cultural change is at the same time change in the environment, demanding further adaptation. Hence he has to adapt biologically both to the natural environment and to the environment created by socioeconomic progress.
It seems that natural selection is the main mechanism responsible for the origin and maintenance of man's variability. Although numerous attempts have been made to show substantial effects of genetic drift or inbreeding on human populations, only a few rather exceptional cases of isolates, on islands, in high mountains, etc., have been found. Obviously these populations are not typical for our species at any level of cultural development. Moreover, it seems that considerable exchange of genes between populations is the normal state of human breeding groups and isolation is mostly relative, due to distances (cultural and/or geographic) separating population clusters.
Hence in this paper we will deal with the effects of natural selection on inter-and intragroup variability in man.
The operation of natural selection on man may be arbitrarily MACIEJ HENNEBERG is Adjunct in Anthropology in the Department of Anthropology, A. Mickiewicz University (ul. Fredry 10, Poland) . Born in 1949, he received his doctorate in natural sciences, anthropology, from A. Mickiewicz University in 1976. His research interests are human population biology and, in particular, the influence of cultural phenomena on gene pools. His publications include "Comments on the Studies of Natural Increase and Biological Dynamics of Earlier Human Populations" (Anthropos [Athens] 2:31-39); "Reproductive Possibilities and Estimations of the Biological Dynamics of Earlier Human divided into two modes: differential mortality and differential fertility (Crow 1958) . In a previous paper (Henneberg and Piontek 1975) we have discussed the importance of these two modes. Here it will be sufficient to mention only that during the vast majority of our evolution, cultural and natural regulation of selective forces was effectuated mainly by the regulation of mortality; fertility regulation, although present in all populations, did not have much connection with the genetic endowment of parents or children.
The only reasonable way to measure total selection intensity in earlier human populations is to observe the opportunity for selection resulting from mortality. For this purpose, the biological-state index (IbS) is useful. The concept of biological state and the details of its measurement have been discussed elsewhere (Henneberg 1975 , Henneberg 1976a , Ward and Weiss 1976 . Here we will give only a brief definition and the formula for calculation of the index.
The notion of biological state relates to the notion of average fitness. We have defined it as follows (Henneberg and Piontek 1975:193) : The biological state of a population is equivalent to the general intensity of selection pressures acting through mortality on all its individuals. A measure of biological state, thus understood, is provided by a quantity expressing what fraction of a given generation has a chance to participate fully in producing the next generation under given mortality conditions. This is a measure of the chance of reproductive success of the population as a whole or, equivalently, of its average individual. The greater the probability, in a given population, of complete reproduction of an average genotype, the better is the population's adaptation to the complexity of its environmental conditions. Biological state is thus an expression of adaptation, taken as the totality of biological and cultural characteristics that permit, though they do not necessarily cause, the reproductive success of a population. With regard to man we can speak only of the chance to reproduce, not of the absolute reproductive intensity, as a good measure of biological state. This is because of man's capacity, unique in the world of living beings, for conscious birth control.
The measure lbS combines mortality structure with the shape of the fertility function. This shape is expressed in the form of s-coefficients-the relative, cumulative numbers of births for age x subtracted from unity. Thus the sx coefficient expresses the probability that the average individual of age x does not have all the progeny attainable throughout his/her entire reproductive life span. It should be stressed that the relevant s-values are practically identical in all non-Malthusian populations, despite differences in total fertility rates among these populations (Henneberg 1975) . Obviously, as follows from the definition, the values of s for x = 0-14 years are in fact 1, and for ages after the cessation of reproductive activity (i.e., after about 50 years of age) they approach 0, while throughout the reproductive life span the values decrease logistically with age.
The formula for lbs is x=w lbs 1 dx x=O where d. = death frequency by age and w = the age at death of the oldest member of the group. The similarity of s-coefficients in populations not practicing birth control in the modern form allows us to use for skeletal material the one "standard" series of s. coefficients established on data for living non-Malthusian populations (Henneberg 1975) .
Through the use of this index, we have found, for Europe and its environs, that average intensity of selective pressures consistently dropped from the Paleolithic to modern times. On the basis of these observations, we have formulated two hypotheses concerning changes in inter-and intrapopulational variability in the last few millennia. In formulating these hypotheses, we have assumed that intensity of natural selection is the most significant factor responsible for morphological changes as revealed by anthropometric studies. Effects of migration seem less important, because throughout the period studied the isolation of human groups in Europe was only relative and gene flow was constantly present in such a range of intensity that the influence of changes in it on trends of morphological variability may be ignored.
The hypotheses are as follows:
1. Decrease in the intensity of natural selection resulted in an increase in intragroup variability of characters with a polygenic mode of inheritance.
2. Decrease in the intensity of natural selection, together with growing similarity of cultural demands under conditions of incessant gene exchange, resulted in a decrease in interpopulational differences-decrease in intergroup variability of average values of characters with a polygenic mode of inheritance and greater morphological similarity of various groups.
Hypotheses such as these are acceptable on the following methodological premises: If one is aiming at the formulation of a rule describing a general natural regularity, one should first specify the variables in the order of their significance (this stage is called the construction of a hierarchy of essentiality) and then select the variable of the supposed greatest significance for the regularity in question, ignoring the rest (this procedure is called idealization). The idealized formulation of the rule is then tested against an "experimental" situation. Obviously, the corroboration will be only approximate because of the complicated structure of reality. When the corroboration, even admitting its approximate character, is not satisfactory, the investigator must take into account other variables of decreasing significance and make appropriate amendments in the formulation of the rule (this process of diminishing the degree of idealization is called concretization). This reformulated hypothesis is again tested in an empirical situation. The idealized formulation of a rule can be taken as a good description of reality when predictions derived from it do not significantly differ from phenomena observed in empirical situations (for methodological details, see Nowak 1975) .
The aim of this paper is, in accordance with this methodological approach, to corroborate the two hypotheses just presented with regard to skeletal materials from Europe through the use of routine anthropometric techniques. We have taken a random sample of data on skeletal materials from typical anthropological publications concerning collections of excavated skeletons. Since published metric data on skeletal materials very often do not contain sufficient information on mortality parameters and good paleodemographic analyses are often unaccompanied by morphological descriptions, we are forced to adopt an indirect approach. This method, instead of observing correlations of lbs with metric data variability for the same groups, assumes that, omitting effects of mass migrations, average intensity of selective pressures and average statistical parameters for metric characters are typical for a given territory in a certain period. Hence lbS and morphological characters may be observed separately on different local groups from the same period, culture, and,territory without serious risk of obtaining biased conclusions concerning the hypotheses tested.
The choice of material for study was made according to certain rules: 1. Each series of cranial measurements must represent a single breeding population.
Henneberg, Piontek, and Strzalko: SELECTION AND VARIABILITY Applying these rules, we took from the literature data on 58 series (table 1) . We chose for analysis the following cranial measurements: skull length (g-op), breadth (eu-eu), and height (ba-b), upper face height (n-pr), bizygomatic breadth (zy-zy), minimum frontal breadth (ft-ft), length of nose (n-ns), breadth of nasal aperture (BAP), breadth of orbit (mf-ek), and height of orbit (HO). In some series the data were incomplete, so for almost all characters we have slightly different numbers of observations. This is mainly because of the requirement that, in a given series, the number of individuals with a certain character be more than ten of each sex-only the data meeting this condition were considered. More serious difficulties arose as to the choice of series representing modern populations, because collections of skeletons do not represent local groups, and, on the other hand, not all the cranial characters analyzed here can be measured on living individuals. Moreover, data from national anthropological surveys usually cover too large a territory to represent a single breeding population. In the end, we considered for analysis only six measurements (g-op, eu-eu, zy-zy, n-pr, n-ns, ft-ft) on living adults from modern local groups.
As may be seen in figure 1 , the geographical distributions of series are similar in all periods, the mean distance between series in each period varying from 1,000 to 2,000 km. The smaller number of series representing Bronze and Early Iron Ages is obviously due to the fact that cremation was widespread in those periods.
Since the rate of decline of selective pressures depends on progress in culture, but not on geological time, we have used a time scale on which equal values are assigned to the distances between the following periods of cultural development: Neolithic, Bronze, and Early Iron Ages, Early Middle Ages, 15th to 18th century, Modern Times. Application of such a time scale allows us to obtain linear correlations between time, intensity of selective pressures, and variability.
Our first hypothesis states that intragroup variability of polygenic characters increases with decrease in selective pressures acting through mortality. To test this, for all analyzed characters jointly, we have computed for each series separately for males and females an average, standardized value of observed standard deviations, m(8). The standardization was accomplished according to the following formula: table 2 it can be seen that almost all characters, analyzed separately, behave in accordance with the general statement. Because of the relatively small number of series analyzed, only a few characters have statistically significant, positive coefficients of correlation, but even among characters insignificantly correlated the surplus of plus over minus signs is considerable and not random (significant at the 0.01 level). The mean values of m(,) and of Ibs, shown in figure 3, strongly suggest a coincidence between increase in intragroup variability and decrease in the intensity of natural selection, as stated in the first hypothesis.
For some of the cranial characters analyzed, there are wellknown directional changes of mean values over the centuries that are imprecisely labelled "secular trends." For at least two of these-head length and breadth-there is good evidence that the process (brachycephalization) is caused by the operation of natural selection (Bielicki and Welon 1964, Henneberg 1976b ). Briefly, we may suspect that the average values of cranial characters will change under the operation of natural selection in two ways: Firstly, if developing culture changes the direction of selective pressures in the majority of breeding populations in the same way, a so-called secular trend will occur. Secondly, if cultural development is relaxing selective pressures, gene exchange among populations is present, and the cultural demands on particular populations tend to be similar but population means of given characters are close to the optimum value for a given eco-cultural situation, there will be only an increase in morphological similarity among populations-a decrease in intergroup variability of mean values without any directional change.
For purposes of analysis, we have taken mean values of characters in separate series as individual data and computed, for each period, means (Xx) and standard deviations (sj). In order to maintain large enough samples, we have been forced to group data for Neolithic, Bronze, and Early Iron Ages.
When looking for a trend in mean values, it is better to calculate the crude mean of arithmetic means for separate series than the weighted mean for the period, because the numbers of particular series of data do not correspond in the slightest degree with actual sizes of living populations. From We are well aware that the indirect method applied here permits us to draw conclusions only with a certain degree of probability. In such a situation, all possible systematic factors which could influence trends of variability without changes in the operation of natural selection should be controlled for in further investigations.
The trends of variability revealed in this study, if natural selection does not fully account for them, might be caused by the increasing mobility of people with cultural progress. In our sample of series, the influence of gene exchange on the observed trends is scarcely probable, because even abundant gene flow among groups existing in similar cultural and natural conditions cannot result in any considerable increase in the range of variability in a breeding population. Being subject to the same eco-cultural conditions, these populations exist under similar selective pressures. At the same time, interpopulational exchange of genes, undoubtedly present in the series analyzed, probably acted against the effects of genetic drift, inbreeding, etc., phenomena which may influence the variability of polygenic characters. Vol. It may be concluded that the influence of natural selection on intra-and interpopulational variability of morphological characters, although shown only indirectly, seems important. Furthermore, the observed trends of variability, whatever their causes, have to be considered in future investigations. They have practical significance for interpopulational comparisons in ethnogenetic investigations, especially those made with the aid of multivariate methods for computing "distances" between sets of quantitative characteristics representing populations. It seems that in all kinds of microtaxonomic work it will be easier to define a number of distinguishable Neolithic "racial types" than a number of modern ones. In other words, because of changes in the operation of natural selection due to the development of culture, and also to some extent because of migrations, differences between human races are continuously disappearing. There is a time for new ideas to arrive. After years of preoccupation with stereotypic and typological norms, it is exciting to witness a rise of interest in variation itself. The task of anthropology is to explain human variation through time and space, for both biological and cultural traits. Such variation has dispersion as well as central tendency. Why groups differ in within-group and between-group heterogeneity is fully as important as (and probably more interesting than) why they vary in central tendency.
I have a few quibbles about the analysis and semantics of the present contribution. For example, socioeconomic "progress" implies a systematic improvement of the human condition.
Since the process is often disruptive, the more objective phrase "cultural evolution" is preferable.
The important thing is the hypothesis concerning the patterns of heterogeneity. My colleagues and I have been evaluating the hypothesis for several years with data collected from hundreds of ethnic groups around the world. Some of this is not yet published; I will, however, mention our general conclusions so that we can share with the present authors the rapid feedback which CURRENT ANTHROPOLOGY offers. Our interpretive difference appears to concern the relative role of selective (contrasted with cultural) causation. Kelso (1974) anticipates the trends in question to apply to both time and space and throughout the world-at least as a statistical generality. The basis of this is the Law of Biocultural Evolution: as culture evolves, the variance within groups increases while the variance between groups decreases. In 1975, Kelso and I tested the law with heterozygosity among three blood groups. We organized ethnic groups by stage of social organization (from band, tribe, chiefdom, and state) and demonstrated that the expected patterns were indeed empirically observable. We also provided arguments that selection could not reasonably account for such observations. Anthropometric traits may well be different. In fact, anything related to the size and shape of the body is part of its surface-area/mass ratio, and climate is known to be a selective agent which creates evolutionary trends among a wide variety of related morphological traits: head form, cranial capacity, body build, nose shape, and so forth. To agree that anthropometrics are influenced by selection does not, however, provide evidence that selection is responsible for the patterns of variation reported. More generally, trend analysis by itself will not separate the effects of natural selection from those of nonrando m mating.
As culture evolves, the probability of mating between different genotypes increases. It creates an expanding population structure in which different alleles, genotypes, mating types, Henneberg, Piontek, and Strzaiko: SELECTION AND VARIABILITY morphological traits, languages, and behaviors are more likely to be combined. It is a process of isolation breakdown, the inevitable consequence of which is to create the observed patterns of heterogeneity.
Europe from Neolithic to modern times has some cultural features which generally typify the entire world: (1) an increase in population size (which would reduce the coefficient of inbreeding), (2) more advanced systems of transportation (which increase the mobility of individuals), and (3) increased "imperialism" (by means of which variable populations come increasingly under centralized political control). If these elements of culture change are present, the result is theoretically expected to be as Henneberg, Piontek, and Strzalko have discovered. The culture change is independent of selection but produces evolutionary trends with central tendency and dispersion. Observing the trend from empirical data, one would probably be tempted to conclude that selection was the cause.
It may be; it may not be. To demonstrate the affirmative requires, however, that the effect of cultural evolution be analytically separated.
We have just completed two additional studies on the same topic. From the first, we discovered that polygenic characters are generally correlated with cultural evolution around the world despite the large number of overriding influences which are probably present. In the second, we applied the theory to individual social behaviors but found no association whatever.
Our interpretive difference with the authors seems to be only a matter of emphasis. They stress selection, while we stress the cultural factors involved. We all recognize some interaction between them. We are actually dealing with a broader phenomenon of biocultural evolution in which population structure, social organization, and natural selection are intimately connected. The present study has a direct relevance to a better understanding of this phenomenon.
by DELLA COLLINS COOK Department of Anthropology, Indiana University, Bloomington, Ind. 47401, U.S. A. 15 ix 77 This paper is innovative in its use of osteological data to address questions of broader interest than the local archeological sequences it includes. The authors demonstrate time trends in both selection intensity and variability.
The causal link they hypothesize between these trends is difficult to accept without further analysis of morphological and archeological data. Other attempts at demonstrating relaxed selection with time (Brace and Mahler 1971) and with relative cultural complexity (Post 1964 (Post , 1966 are similarly limited. In all three instaThces, it is possible that other models may provide plausible explanations for the observed trends. An example of such an alternative model omitting reference to selection follows: Increasing social and technological complexity, as reflected in "cultural time," results in increased community size through the aggregation of isolates; the breakdown of isolates results in increased within-group variability and decreased between-group variability through the effects of sample size on the sampling of a heterogeneous distribution. Under these hypotheses, the observed correlation of variance with selection intensity may be viewed as the spurious result of joint correlations with time. Similar alternative models centering on effective size of breeding populations, social stratification, mechanisms of group formation, and the like are possible. Any effective demonstration of relaxed selection must eliminate the more plausible among these alternative models through an examination of the relationship of other possible causal variables and time or cultural complexity.
The authors suggest that selection is the only important component of morphological variability in the series they employ. However, other components are demonstrable and may well be useful in explaining the trends they observe. Variance as reflected in bilateral asymmetry can be shown to result from environmentally mediated deviation from the canalization of development (Bailit et al. 1970, Doyle and Johnston 1977) independent of the genetic components of variability and hence of selection. Work on the Yanomamo has demonstrated that within-group homogeneity and between-group heterogeneity reflect lineage effect in the formation of new communities rather than the effects of selection per se (Chagnon 1972, Spielman, Migliazza, and Neel 1974) . Since a series spanning the Neolithic-toModern period also spans the shift from tribal to state organization, such effects may be expected to decrease with time, hence increasing within-group variability. Similarly, the variance of anthropometric measures in the living can be expected to exceed the variance of skeletal measures on the same individuals, in that the added effect of soft-tissue variability is included. Reexamination of the results presented here omitting the living samples might be profitable.
A broader problem is presented by the assumption that skeletal collections adequately represent the variability present in the breeding population. The use of samples as small as ten individuals permits questioning of the stability of variance estimates. Furthermore, skeletal collections from archeological sites are frequently modest in size even when the community they represent was large. They are seldom representative of the range of disposal contexts used by the community or of the social groups present within the community. In many instances excavations may be biased toward the inclusion of related in dividuals, through inclusion of family plots, or toward particular classes, moieties, or economic groups. From Neolithic to Modern times, European communities can be expected to have changed dramatically in size, effective size of the breeding population, social stra?tification, mortuary practices, and, most importantly, the degree to which residence and burial were kinship-based. All these factors limit the appropriateness of variance in a skeletal collection as a measure of variance in the population it represents. It is by no means obvious that these effects will operate similarly in all the time periods sampled. A discussion of archeological information on the samples included in this study, encompassing sample size, community size, and nature of mortuary units and practices, could clarify the importance of these effects through time. Such a discussion could strengthen the interesting argument the authors present. The study of Henneberg and colleagues raises both analytical and theoretical questions. The results obtained are not clearly related to the reasons given. We would like to raise some questions about the analysis and then turn to some of the theoretical assumptions.
The nature of the samples used raises two points: Firstly, whether they represent single breeding populations remains to be proven. Such proof is said to be necessary but is not attempted here. Secondly, while the various periods are said to be represented by samples of equal territorial coverage, this is not apparent when the samples are examined. No fewer than four of the thirteen Neolithic samples are non-European, compared to one of the forty-five later samples. The effect of these nonEuropean samples can be expected to increase the range of variability in the Neolithic sample, thus biasing any results obtained. If proof for the hypothesis is required, why not use a set of strictly localized populations such as those from the Ukraine recently published by Konduktorova (1974) ?
In the analysis, the assumption is made that selective pres- Other questions are also related to analytic matters. Is the brachycephalization noted under the control of natural selection, as stated, and therefore, by definition, genetic? Studies going back to the classic Hawaiian work of Shapiro and Hulse (1939) bring this into question. The complexity of this problem can be seen in the work of Huizinga-(1958) . Is there increased mobility with cultural progress over time? How far back could such an idea be pushed? Pre-Neolithic populations with low densities can be expected to show mobility related to areal constraints on the number of people required to maintain an operational breeding population (Meiklejohn n.d., Wobst 1976) . Neolithic populations of increasing density would be expected to show increasingly less mobility over time. The localized population structure of agrarian populations has been demonstrated on Bougainville by Friedlaender (1975) and in Oxfordshire by Harrison and Boyce (1972) . Increased mobility is hard to document except in those populations which have become urbanized. Even in Western urban society such mobility is strongly related to social class and is thereby restricted to a small section of society.
This last point directs the discussion towards more theoretical aspects of the paper. The paper is based upon a number of assumptions that are critical to the interpretation of the analysis.
Gene flow is assumed to be relatively constant across cultural levels; this has been queried above. Gene flow, closely related to the factor of density just noted, may be critical in explaining morphological variability in space at differing cultural levels (Meiklejohn 1974) .
Further, it is assumed that selection occurs mainly through mortality rather than through fertility and that an individual's ability to reproduce is related primarily to mortality. The latter point underestimates cultural factors, such as polygyny, which affect the relative genetic success of different individuals in a population (Chagnon 1972) . Polygyny is more likely to be seen in developed societies and is therefore of growing importance over time (Meiklejohn 1974) . Simple reproductive ability is countered by such cultural systems, irrespective of any mortality profile. Even more important is the apparent underrating of the place of fertility in selection. Recent work suggests that fertility may be a central concern in the development from pre-Neolithic through Neolithic and later systems (Cohen 1977) . Lee (1972) argues for birth spacing as a major factor in population control at the band level. Howell (1976) has indicated that physiological mechanisms related to Frisch's work on critical weight may be involved. If anything, it may be fertility rather than mortality that is critical to understanding of the period under consideration, thus considerably blurring the distinction made between (theoretical) Malthusian and (empirical) non-Malthusian populations (discussed further by Henneberg 1976a ). This will affect the meaning of the parameter S(x) and thereby the conclusion that there is a drop in the average intensity of selection pressure over time.
Further assumptions surround the importance of natural se- (1972) . We also query whether local populations during the earlier periods involved here would have been large enough for selection to outweigh random changes in gene frequency. It is possible to develop an alternate model in which natural selection increases in intensity while gene flow decreases during the time period under consideration. This might produce an end product opposite to that predicted in the article.
A final important assumption is that a decrease in the intensity of natural selection will result in increasing variability in measurable polygenetic characters. This may not be as simple as it seems. Bailit (1966) has demonstrated that variability in individual characteristics is not related to genetic variability and probably involves complex interaction with environmental buffering. Such an observation can also be seen in early work on the variability of hybrid populations (see Muller 1936 , Trevor 1953 . Furthermore, Bulmer (1976) has demonstrated that genetic variability will be affected differently depending upon whether selection is disruptive or stabilizing. Selection can, in some cases, increase genetic variability. It thus seems unwise to predict that decreasing natural selection will result, ipsofacto, in increased morphological variability. It also remains to be demonstrated that selection pressures affecting later cultures are both lessened and increasingly similar over large geographic areas.
In conclusion, it is difficult to agree that the results obtained are necessarily due to the factors suggested. In addition, the tabular data are not in all cases consistent between males and females, and the statistical manipulations are not always clear. At the present time, it is more difficult to distinguish betwee Europeans from different areas than it used to be a long time ago. This, at any rate, is the conclusion of Henneberg, Piontek and Strzalko, and I wouldn't be surprised if they were correct; but I searched their article in vain for positive 'vidence that this is due to natural selection rather than population admixture. Increased variability within local populations, for some o the cranial traits considered, seems to be a widespread trend. The authors attribute this to a decline in selective pressures due to improving technology, but it could just as readily be explained by increased miscegenation as improving technology made travel easier.
The authors state quite frankly that they assume natural selection to be the most significant factor in morphological change. They dismiss the effects of migration and gene flow on the grounds that, within Europe, isolation between human groups has never been absolute since the Paleolithic. This is of course true, but there are many steps between total isolation and no isolation whatever. We know that even such simple technological changes as the introduction of bicycles greatly increases the area within which people search for mates. It seems shocking to ignore the influence of migrations, which have become easier with each improvement in transport and with each expansion of empire.
Quite properly, the authors state that "each series of cranial measurements must represent a single breeding population." Henneberg, Piontek, and For the authors' results to be due to selection, it is necessary to make the questionable assumption that the amount of gene flow has been the same for all these periods. If gene flow has increased through time, it could have produced the same results of decreased interpopulational variation and increased intrapopulational variation that they attribute to selection. My own work on hemoglobin variants has convinced me that a very small amount of long-distance gene flow is of great importance in determining genetic variation. It seems obvious to me that, with the great migrations of the Middle Ages in Europe and the subsequent invasions and crusades, both the amount and the range of migration changed considerably. Population size also influences genetic variation through gene drift, but Henneberg et al. do not discuss the very certain changes in population size through time. Finally, the models of Malecot and Wright, as applied to human populations by Morton and others, clearly demonstrate that migration pressure for most human populations is so much greater than selection pressure for most human loci that the effects of selection on human variation are too small to detect. Thus, although I still think most human genetic variation is due to natural selection, the effects of the latter cannot be measured by studies of genetic variation among human isolates. The noise is greater than the signal. between physical anthropology and paleodemography, which will help to establish, eventually, a more in-depth collaboration between these two branches, which-despite large zones of common interest-have never really reached a level of essential information interchange and mutual enrichment of research.
It seems necessary, however, to formulate two points of criticism aimed at the oversimplified approach to phenotype evolution-its description as well as the explanation of its causality-during the last few millennia. First, it must be stressed that the patterns of morphological evolution are much more complex than the authors seem to suggest. This remark applies to the purported "directional" changes of general skull morphology, as well as to the timedependent behavior of its intergroup variability. A more indepth analysis of the European Neolithic (covering more than 4,000 years, and therefore equivalent to the time span of the authors' material) shows three time-dependent phenomena (Menk 1975 ): (1) gracilisation-degracilisation; (2) brachycephalisation, and (3) increase of intergroup variability. These facts are clearly in contradiction with the authors' results and hypotheses. The instability (or reversibility) of the purported directional changes (morphological trends as well as oscillation of intergroup variability) is confirmed by Creel (1968) for an even longer time span.
With these arguments, I intend to show the shortcomings of the authors' model, which pretends to give a full explanation of the evolution of morphological variability in man. Being based exclusively on natural selection (essentially through differential mortality), this model is only of restricted validity: it may give fairly accurate pictures for periods of negligible population dynamics, but it inevitably fails when applied to phases of increased population movement (such as the early and late Neolithic, the early Middle Ages, etc.). For these periods, the model must account, in addition, for migrational factors and, besides elements of a genetic nature, should take into consideration the possibility of exogenous factors such as ecological and economic stress. The gracilisation-degracilisation of the European Neolithic provides a good example of the latter (Menk 1977) .
Once again we are confronted with a model which, based on theoretical considerations of population genetics, reproduces reality in very particular circumstances only. For the sake of algebraic formulation and of practical application, several important factors in the evolution of variability have had to be discarded. In other words, the conceptual background had to be adapted-by declaring these factors "negligible"-to the possibilities offered by the severely restricted number of parameters available for observation and model building.
It must be conceded, however, that the task undertaken by the authors is anything but easy. In order to obtain estimations of Ib, they have had to perform several "tours de force," which have already been critically commented on by Ward and Weiss (1976:11).
Second, the authors' views on cultural evolution seem to be strongly oriented in such a way as to confer general validity on their model of morphological variability: in addition to the more biological explanations invoked, the authors refer to the idea of a general cultural convergence-another oversimplification-leading towards uniformity of selection criteria. This would further neutralise the (already reduced) effect of gene exchange. There is undoubtedly something like cultural convergence; but there is also, and at the same time, cultural diversity: there are agrarian, urban, warfare practicing, etc., cultural groups, each obeying its own laws of cultural and biological interaction. Cultural convergence is therefore confined, at least for the past, to operation essentially inside each of these cultural partitions, and not across them.
How are we to explain, under these circumstances of conceptual disagreement, the fact that the authors' hypotheses and results are in obvious concordance? It seems not unreasonable to suggest that their sampling strategy, through the requirement of large local series, could have led, unconsciously, to a choice of material representing a single type of sociocultural partition and/or coming from periods, or regions, of relative stability. It might be worthwhile to check the cultural and historical (political) context of each of these series in order to detect, in the form of a possible community in the postulated sense, a bias in the distribution of the material. This would mean-if these suspicions were to be confirmed-that variation of selective pressure may well explain some of the changes in morphological variability over time. Relaxation of the intensity of natural selection, as shown by means of the Index of Biological State, would be most significant in periods of biological and political stability and much less so in periods of upheaval and mass migration. The former phases, in accordance with the authors' ideas, would be characterised by reduction of intergroup variability, whereas the latter would be Vol. 19 * No. 1 * March 1978 responsible for regenerating it. As a whole, the pattern of intergroup variability over time would be a pulsating motion of increase and decrease, rather than the steady fading away suggested by the authors. in disagreement with these authors' main conclusion that there has been a general increase in intragroup variability and decrease in intergroup variability with relaxation of natural selection, I do not feel that the methods and, more particularly, the data utilized in this paper support such a claim.
Despite the authors' own admission that they must argue from indirect evidence (Ibs and metric parameters coming from separate sources), I would like to draw attention to some possible errors which may have been introduced during the initial selection of data and samples. Specifically, how close do the authors come to satisfying the idealized criteria they enumerate at the outset?
It is stated that each series must be sufficiently large, yet all we are told is that each sample contains more than ten of each sex. Likewise, one wonders how closely any of the series utilized approaches the definition of "breeding population," or how one might substantiate such a claim when dealing with skeletal material. Similarly, the actual method of selection of samples to randomly represent breeding, cultural, and territorial aggregates is largely left to the reader's imagination. Furthermore, inspection of the map in figure 1 leaves me unconvinced that these series overlap, temporally and geographically, to the extent stated. The use of such labels as "Neolithic," "Bronze Age," "Early Iron Age," etc., to define temporal sequences encompassing Europe and its environs is almost meaningless to me. I am somewhat surprised to find that the authors combine osteometric and anthropometric data without indicating whether or not appropriate corrections were applied to the latter to make them comparable to the measurements made on bone. Finally, the unevenness of the data (ten cranial vs. six skull measurements) would seem further to limit comparisons based on already sparse data.
While I am very pleased to see an attempt to synthesize palaeodemographic and more traditional anthropometric data for addressing issues of human variability, I would caution readers against accepting the conclusions reached in the present paper until the authors can tell us more about the manner in which data and samples were selected.
by FRANCISCO ROTHHAMMER
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Henneberg; Piontek, and Strzalko's well-intentioned efforts to study temporal trends in craniofacial variability are legitimate and should probably be encouraged. However, I do not share their evolutionary interpretation, which is marked by unaffected simplicity, particularly with regard to the effects of population structure on the maintenance of genetic variability in human populations. Further, the literature cited has a parochial flavor.
There are some paragraphs which are difficult to understand.
For example, the authors state that in formulating their hypothesis they have assumed that "intensity of natural selection is the most significant factor" and that "the effects of migration seem less important," but then they state that "gene flow was constantly present in such a range of intensity that the influence of changes in it on trends of morphological variability may be ignored."
The authors seem to assume, furthermore, that the genetics of the cranial measurements is well understood. Unfortunately, the mode of inheritance and the genetic determination of continuous morphological variation is, as a result of methodological difficulties, rather obscure (see, for example, Lewontin 1974 This is an interesting paper, and the authors should be congratulated for trying to extract a coherent picture from data scattered in many articles, some of them published in journals not readily available in the Western world. The limitations of the information presented and the possibility of alternative answers should, however, be clearly stated. The authors' main thesis may be briefly summarized as follows: (a) Since the Neolithic, there has been an increase in intragroup and a decrease in intergroup variability in some characteristics of human populations. (b) This has occurred because of relaxation in the mortality component of selection.
No one doubts that mortality has declined as an evolutionary factor in man; what remains to be proved is that these changes are the sole cause of the trends discernible in the characteristics chosen. First, there is very little information about the degree of genetic determination of the variability found in these traits. Selection may be acting on head form, but the fact that the picture is far from clear is lucidly expressed by Bielicki (1975) . Second, Ib8 is an index of potential selection only. Not all mortality has genetic implications, since accidental deaths occur everywhere. Third, intragroup variability can decrease and intergroup variability increase in the absence of selection. Fourth, the time available for the action of evolutionary factors since the Neolithic (about 500 generations) is not long.
In a way, there is a contradiction between some of the statements made and the results. The authors strongly emphasize the importance of natural selection in shaping our present variability (a position that I fully endorse) but try to demonstrate the effects of relaxed selection. If this factor is not as important as it used to be, the implication is that others (such as population size, assortative mating, or environmental influences) may be the ones that led to the observed trends. On the other hand, the assumption that selection has been relaxed in modern times does not necessarily lead to a typological approach as the authors state in their first paragraph. I also cannot agree with their position that the mortality component of natural selection has almost always been the most important in human evolution. Cultural factors undoubtedly influence fertility, but there is ample evidence for the action of biological Henneberg, Piontek, and Strzalko: SELECTION AND VARIABILITY agents also (genes that influence sexual determination or chromosomal aberrations that cause abortions, to name just two obvious examples). The hypotheses formulated by the authors state that a decrease in the intensity of natural selection resulted in (1) an increase in intragroup variability and (2) a decrease in intergroup variability. From a statistical standpoint, these are alternative hypotheses. As the variation in cranial characteristics is measured through time, the null hypothesis should be that there is no change in intragroup (or intergroup) variability for characters x through time in European populations. The alternative hypothesis should specify the direction of the change or variability (increase or decrease) and an explanation of the change. "Decrease in the intensity of natural selection" is only one of several explanations that could be specified by alternative hypotheses. Either increasing population sizes or an increase in gene flow between groups could also be used to explain the detected temporal changes in intra-and intergroup variation. The analytical method employed, however, does not have the power to sort out the individual or relative effects of genetic drift, gene flow, and natural selection.
The authors summarily dismiss the possibility that genetic drift or gene flow had a significant effect on human variability in Europe. Although religious isolates and island populations are often employed to illustrate the operation of genetic drift, the effects of this process are by no means confined to such groups. As just one example, the work of Neel and his colleagues among South American Indian populations (cf. Neel and Salzano 1967 , Neel 1970 , Neel and Ward 1970 shows clearly that founder's effect and genetic drift generate a significant proportion of total intergroup variability. Only in a large unsubdivided population would one expect drift to have a minimal effect on gene-frequency change, and this population structure is relatively recent in the densely settled industrialized areas of Europe. Regarding the effects of gene flow, the authors imply that admixture rates were so uniform among groups that this process could be ignored. Despite this, they realize that, through time, mobility increased and enhanced gene exchange between populations. This increase in mobility and gene flow would result in an increase in intragroup variation and a decrease in intergroup variation, the same situation they attribute to a decrease in selective pressures.
Not surprisingly, the findings of Henneberg et al. are concordant with the so-called biocultural theory of Kelso (1974: 328) , which states that "as culture evolves," intragroup variability increases and intergroup variability decreases. In that text and in subsequent empirical tests (Beals and Kelso 1975) , the interpretation of this theory centers on temporal trends such as increase in population size, the breakdown of isolation (i.e., increase in gene flow), and decrease in level of inbreeding. Although the relaxation of selective pressures may also play some role in this changing pattern of human variability, there is still no evidence to indicate how this process contributed to the changes. While mortality patterns have seemingly been changing in parallel with the trend toward increased intragroup variability, there is nothing in the analysis that demonstrates a direct or causal relationship such as the authors imply. The correlations measured are just as likely indicative of general trends in cultural evolution, particularly relating to change in population size and structure.
One final point pertains to the sampling procedure: The authors state that "each series of cranial measurements must represent a single breeding population." It is not clear from the text whether this limitation is spatial, temporal, or both. Cadien et al. (1974) are highly critical of attempts to discern evolutionary trends employing skeletal material because the samples generally represent lineages rather than temporally distinct breeding populations. Statistical characterizations of lineages contain varying degrees of bias in estimating "population" means and variances, depending on the constituent breeding populations. Unless a worker can strictly delimit the temporal boundaries of his skeletal sample, there is no way to estimate either the degree or the direction of this bias. While I would not go so far as Cadien et al., who suggest that such studies are futile, their comments should be considered in skeletal-based studies of microevolutionary change. This paper gives us an example of the multiple difficulties we encounter in studying large human groups. Though complex, this kind of study is indispensable; indeed, our modern populations are large breeding groups in which absolute isolation is exceptional.
Population genetics, in the study of relationship between demographic parameters and evolutionary processes, deals mostly with models that do not incorporate such demographic complexities as age structure; therefore the attempt of the authors is very interesting. The interpretation of the results, however, has to be made with considerable caution. The interpretation of past data in terms of present populations is difficult; it is hard to believe that cultural organisation does not influence the decrease in the rate of reproduction due to different causes and/or mortality; moreover, the size of the population probably has an influence on demographic data via random fluctuations due to the small number of individuals.
I must also point out that the indices proposed by Henneberg et al. measure, not the intensity, but the opportunity of selection. Genetic changes due to the pressures of selection only occur when the differences of mortality and fertility are related to (or are specific for) genotypes. The relationship between these pressures of selection and multifactorial characters such as head length, breadth, and height and characters of the facial morphology is therefore speculative. The variability of these characters is obviously only partly genetic in origin. The heritability of anthropological measurements of the face and the head is generally at a lower level than that of longitudinal body measurements (Susanne 1975 (Susanne , 1977 . It is reasonable to think that the variability of these characters could be influenced a great deal by environmental factors such as differences in within-group (or between-group) demographic heterogeneity, differences in sample size (which influence total variability through differences in "random" variance), differences in the cultural homogeneity of the samples (between, for instance, a series of skeletons from the Neolithic period and a population from the 15th-18th century), and differences in population genetics such as variation in inbreeding as a function of increase in population size and variation in the mobility of individuals Napriek trochu jednostrannemu zameraniu povazujem predlozenui pracu za hodnotny1 prispevok k poznatvaniu pricin vzniku a udrziavania sa variability kranialnych charakteristik europskych populatcii.
[The authors' approach is serious and based in part on earlier work. At the same time, their work is thoroughly documented by statistics and is interesting for its findings. with the number with data pertaining to the group that is geologically and culturally the oldest. This paper presents a first brilliant attempt at determining the role of natural selection in the development of inter-and intrapopulational variability over a large area of Europe during a time span of several millennia. It is a distinct example of a shift from more or less purely speculative theorizing to theorizing based on empirical evidence. Being in general agreement with the conclusions of the authors as to the role of natural selection and accepting their statistical findings, I would, however, like to raise the following issues for further discussion: 1. The estimation of the share of the component of selection in the process of increasing intragroup variability might provide a coefficient of correlation between Ib8 and m(s); however, such a coefficient is absent, while figure 3 demonstrates less than moderate dependence.
2. It seems to me that the regular decrease of intergroup variability, measured by Rp and fully concordant with the re sult obtained by Schwidetzky (1972) for time series of averaged Penrose distance, is due more to the increase of gene exchange as a result of interbreeding between populations than to a slackening of selective pressure; in fact, the action of the latter component in this respect has not been demonstrated here.
3. I entirely disagree with the statement that the typological approach (applied to either populations or individuals) is necessarily based on the assumption that evolutionary factors, and especially natural selection, do not act upon contemporary man; on the contrary, it has been clearly shown, for instance (Wiercin'ski 1971) , that in Poland during the last millennium a very regular change in racial compositions occurred which can be reasonably explained only in terms of natural selection; in fact, it is only in the case of Czekanowski's concept that the stability of racial elements must be assumed, because of his quite arbitrary hypothesis that racial elements are inherited as monogenic traits would be.
I must strongly emphasize again that typology of populations or individuals is formally nothing more than a multivariate nominal measuremenI which aims to conceive the variability in terms of a set of racially diagnostic traits. The explanation of typologically observed differences or similarities between various human groups is quite another problem. These may be interpreted as resulting from convergent or divergent microevolution or from the interbreeding process responsible for interpopulational exchange of genes. In presenting our paper, we intended not only to offer some empirical results related to microevolutionary processes, but also, if not mainly, to spark discussion on methodological questions of the investigation of human variability and its causes. Unfortunately, the commentators have limited themselves to the repetition of well-known textbook statements about factors of evolution and their mode of operation and to consideration of particular problems related to our empirical basis. They Henneberg, Piontek, and Strzalko: SELECTION AND VARIABILITY criticize our interpretation as being limited to the phenomenon of natural selection (this is because of a misunderstanding of our methodological stance, which we will discuss below) but are unable to cite empirical evidence for a quantitative relation between the operation of other evolutionary forces and the morphological changes observed in materials of the kind we have studied. In such a situation, it is worthwhile to devote some time to our methodological approach.
When we are considering a phenomenon known to be caused by a multitude of factors, including some that we not only cannot measure precisely, but cannot even define clearly, the only solution is to find out to what extent the factors we can define unequivocally and measure in a quantitative way influence the phenomenon in question. Obviously, in some cases the results of such an investigation will be unsatisfactory, i.e., the factors observed will not be significantly related to the phenomenon studied. Although it may sound trivial, we would like to repeat that in the history of any scientific discipline the stage of qualitative description is followed by the stage of quantitative modelling. Under the conditions just described-i.e., when one is able to observe quantitatively only some of the many factors involved-an idealizing scheme of investigation proves fruitful. Within this scheme, a working hypothesis is constructed as follows: on the basis of one's research experience, one assumes intuitively that one of the factors is of the greatest significance for the phenomenon in question and that other factors operate in such a manner that they do not substantially influence the relationship between this presumably main factor and the phenomenon. If the hypothesis is corroborated, i.e., if the factor chosen actually influences the phenomenon significantly, it is legitimate, irrespective of the strength of relationship discovered, to consider it as important and give it a high position in the hierarchy of essentiality. Formally, this main factor need not be responsible for the major portion of the variability in the phenomenon; it suffices to establish that no other single factor can explain more of the variability than the main one.
Determination of the main factor in this way enables one to consider the corroborated hypothesis as a forceful theorem at a given stage of development of the scientific discipline. When no significant relationship between the phenomenon and the presumably main factor is revealed, the hypothesis must be rejected and another factor sought.
Our choice of natural selection as the main factor in microevolution did not result solely from the fact that of all the evolutionary forces it was the only one we knew how to approach quantitatively (by measuring the opportunity for it). We decided to "ignore" other factors after considering their relevance; we pointed this out in our paper, but apparently not strongly enough not to be overlooked by some of the commentators.
Most of the criticism is directed toward our view of migration (sensu lato); objections are variously formulated as breakdown of isolates, changing mobility, gene flow, decreasing inbreeding, and mass migrations (even the Crusades of the Middle Ages are mentioned). From the viewpoint of population biology, the relevance of these various aspects of mating systems varies, for the structure of populations may be considered jointly by observing the extent of deviation from the ideal state of fully random mating (and relatedly infinite population size) as assumed under Hardy-Weinberg conditions. We will here adopt the term "migration" to denote all these aspects. As we emphasized, migration in Europe within the period under consideration was, in our opinion, changing, but the sizes of breeding populations were such as to offer little probability of the operation of nondirectional forces of evolution related to effective population size. From archeological evidence it appears that in the agricultural regions of prehistoric Europe from the Neolithic on, population density was two or more persons per square kilometer (e.g., Angel 1972 , Kurnatowski 1971 ) and permanent contacts were maintained within a radius of at least a dozen kilometers. Hence the effective population size of prehistoric agriculturalists was very rarely less than 500. With such an effective population size, the effects of deviations from random mating can be considered negligible (Wright 1969) .
Gene flow decreasing interpopulational differences (i.e., mobility of groups or individuals), which we also considered, is in accordance with Kelso's Law of Biocultural Evolution (cited by Beals) because of the level of adaptation (cultural as well as biological) of human groups. As we have pointed o this general level of adaptation is measured by Ib,. Therefor when we state that with the increasing adaptation of human groups (measured by Ibs) morphological characteristics change with respect to dispersion and central values, we may legitimately conclude that these changes result from the direct as well as indirect effects of changing adaptation. This latter phenomenon is under the control of natural selection whether the variability is of biological or of cultural origin.
The biological-state index is, of course, as we have said, a measure of the opportunity of reproductive success. Thus it determines the upper limit of adaptive possibilities for a given group. We do not intend to consider here the interpretative properties of Ibs, for we have done so elsewhere. Summing up we would like to stress that, though they do not measure intensity of selection in a direct way, changes of Ib, values are approximately proportional to changes in selection intensity.
Some of the commentators (Huizinga et al., Salzano, Susanne) have touched on the question of the contribution of differential fertility to overall selection intensity. In relation to this we would like to say that-as is stated in our paper and illustrated by the formula for Ib8-the index takes into account a part of fertility in the form of the shape of the fertility function described by the set of s. coefficients. Only the general intensity of producing offspring-total fertility rate-is not included in the index, and it is almost impossible to infer this rate directly from skeletal material. Furthermore, the portion of total phenotypic variance in fertility useful for selection is rather small, as is evidenced by heritability estimates (Fisher 1930 , Henneberg 1978 . Some indirect evidence given in Jacquard (1974) supports this conclusion. Low heritability estimates for fertility have also been obtained for other mammalian species (Falconer 1960) . In our opinion, the relation between fertility and mortality is such that the entirety of reproduction may be described by either one, with the second being treated as the reverse of the first. It suffices to point to Salzano's obvious example of abortions. As he says, genetically determined abortions are a possible source of selection-relevant fertility differentials; but abortions are often called intrauterine mortality and may be formally treated as a mortality component in considerations of opportunity for selection (J. F. Crow, as quoted in Johnston and Kensinger 1971) . The ultimate determi nation of the operation of natural selection is effectuated by reproduction as a whole (best measured by net reproductive rate or its derivative, the Malthusian parameter). The biological-state index measures jointly the effects of the majority of reproductive phenomena, ignoring only the total fertility rate. It is the direct measure of the average fitness of a group, for when the mean number of offspring produced by a pair of individuals is 2n, size of a given generation (Ng) determines size of the next generation (Ng+,) in the following way:
Ng+, = nIbaNg, hence Ro = nhb8 (Ro being net reproductive rate). In this formula, Ib, replaces average fitness (w) as used in the respective formulas in Chapter 10 of Jacquard's (1974) book.
Repeatedly the commentators (Huizinga et al., Rothhammer) a type of relation is present in the case of lbs values. The units of time we have employed were obtained from a transformation of the calendar time scale that gave us a straight regression line of Ibs with time. Since lbs measures a considerable part of the average level of adaptation, we feel that it is legitimate to conclude that our units of cultural change correspond well to improvements of those elements of cultural systems that determine the adaptive abilities of human groups. When one considers the separate effects of technological advances (e.g., the production and use of metals) rather than the entirety of the adaptive efficiency of cultural systems, it may seem that we have wrongly defined our units of time. The observation of separate cultural details, independently of their number, to establish units of cultural change may understandably be misleading, for cultural systems are so complicated that the only reasonable way to obtain reliable estimates of their efficiency is to use synthetic measures. The names we have used for the cultural time units are conventional, traditionally rooted in archeology, and have, for most readers with some experience in European prehistory, intuitive meanings. There is no room here to describe all the differences between, e.g., Neolithic and Bronze Age human populations; it suffices to say that the differences are not confined to technology, but are equally clear in various aspects of organisation, including ideology, art, etc. The archeological literature in this respect is abundant.
Some doubts are raised by commentators (Cook, Wiercinski) as to the correlation between m(8) and Ibs. The relation of both measures to cultural time is presented in figure 3 , but we have not presented the direct relation between them because-as we explained-each regression line is constructed using data pertaining to a different collection of skeletal samples. Despite this, it seems appropriate to calculate a correlation coefficient for mean values of m(8) and lbs in these periods. When a given period is treated as the unit of observation, we may consider mean values of m(s) and lbs as characteristics of the unit estimated on random samples. Then the correlation between Ibs and m(8) for the five periods we have used as units of time is linear and very high: r = 0.97, to = 6.49 > 0o.o, = 5.84. This correlation underlies our conclusion concerning the importance of selection for changes in morphological variability within groups. If it were spurious, a third factor very strongly related to the two observed would have to be sought. In this situation no such search is necessary, since variance in Ibs explains more than 90% of the variance in m(8). While we are discussing problems of correlations, it is worthwhile to turn to the correlation of separate m(8) values with cultural time (fig. 2) . Rothhammer reproaches us that this relation is not in fact as strong as we have seen it. There is no doubt that the correlation is linear and significant. Demonstration of the significance of a relation is usually sufficient proof of its existence. We would scarcely expect high covariance relative to overall variance estimated on samples where many sources of random error are present.
Many commentators question the choice of material and its quality. From the list of series given in our paper (table 1) it may be seen that we have utilized an average sample of data obtainable from publications on skeletal materials. The main criteria for choice of series are given in the paper, while details (archeological descriptions of sites and the like) are included in the published sources indicated. We do not feel obliged to reproduce from these publications all the information that a particular reader of our paper might be interested in. Obviously, we were unable to include in our sample every series published. Everyone who has worked with the published material on skeletal samples knows how diverse forms of data presentation are with respect to sets of characters considered, degree of statistical elaboration, etc. For such reasons, it is impossible to consider, for instance, the proposal of Huizinga et al. that we use Ukrainian materials: there are virtually no data on prehistoric mortality pertaining to this vast territory. Commentators have also wondered whether the characters observed are good enough indicators of variability in their hereditary determinants. These doubts stem from the view that the heritability of metric characters is not high. We do not want to become involved here in a lengthy discussion on the problems of method bearing on the reliability of heritability estimates in human material-most of the estimates show that more than half of the phenotypic variance of the characters in question is due to genetic variability (more exactly, variance of additive effects), so that it is reasonable to expect that changes in the genotypic structure of populations will be reflected in their phenotypic variance. Consequently, if ecosensitivity is not related to genetic variability, these changes will also be reflected in heritability estimates because of certain properties of their definition; that is, measures of heritability are not direct estimates of the degree to which genetic endowment determines a character, but merely measures of the hereditarily determined portion of phenotypic variance in a certain situation limited in time and space.
The explanations given here are merely an expansion of what we have said in the paper. We have felt forced by the contents of the comments to adopt this form of reply, for the commentators, while raising a multitude of doubts as to the details of our work, have not formulated a coherent, empirically testable counterproposition. Nevertheless, we are grateful for so much interest in the problems we have touched on and consider the criticism stimulating for further investigations.
